Introduction
For the last two decades, there has been a growing interest in the development of the chemistry of mixed-metal bi-and polynuclear alkoxo and alkoxo-organometallic complexes. Such interest derives from their fascinating structural chemistry, interesting catalytic properties, and high potential for industrial applications. 1 The fact that most of the heterometallic alkoxo species can generate bimetallic or multimetallic oxides has resulted in high research activity in the field. The most attractive applicable routes for preparation of oxide materials are those involving alkoxides and their derivatives. First of all, their attractiveness lies in the fact that they are easily accessible and consist inexpensive compounds. Furthermore, alkoxide ligands are easily removable via thermal treatments. Finally, these compounds already have metal-oxygen bonds established. Molecular precursors derive from alkoxide complexes can generate ceramic materials in a single step (so-called single-source precursors -SSPs). 2 In the case of bi-or polyoxides, such materials deliver appropriate metal elements of a final product eliminating the need to match the reaction rates required from a multicomponent precursor mixture. It is worth noting that their thermal deposition or decomposition processes can be performed at relatively low temperatures compare to conventional methods involving inorganic salts. These features made the metal oxides, that derived from metal alkoxides, highly pure products with specific properties like high hardness, chemical and mechanical resistance, and high temperature stability. From presented above point of view, metal alkoxides play the key role for preparing materials of excellent functions and shapes. The aim of this chapter will be to serve as a guide in understanding the principles in the one step strategy for oxide ceramics using alkoxide precursors. The major accent will be made on design of molecular precursors. The chapter will include synthesis of alkoxides and their derivatives. Among these methods one of the less explored reaction of organometallic complexes with alkoxides that bear free alcohols at the metal site will be discussed. Moreover, it will also contain subchapters describing the concept of SSPs strategy and preparation of oxide materials and their properties. difficult to formulate a precise rule that could fully explained the process of a specific geometry formation and predict the final geometry of forming alkoxide complex. 
Scheme 2. Various structure motifs of metal alkoxides. 1a
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In fact even minor changes in a ligand structure or reaction conditions can cause the geometry of the whole compound to be fundamentally different. To the most common alkoxide structural motifs are included (Scheme 2): (a) [M 2 (-OR) 2 
Alkoxides -General Methods of Synthesis
There are many methods of synthesis of metal alkoxides or aryloxides. Their choice depends on the ionization energy of the metal, which alkoxide is formed. The less electronegative alkali metals react spontaneously with alcohols, but for instance magnesium, aluminium etc. need some so-called activation agent, e.g. small amounts of crystalline I 2 or HgCl 2 . For other metals more complex reactions need to be applied. Below, we will briefly discuss the most common methods of synthesis.
Direct reaction of metal with an alcohol
This method is the most popular in laboratory scale but limited to less electronegative alkali metals (Li, Na, K, Rb, Cs). It is based on hydroxyl hydrogen substitution by appropriate metal cation accompanied by intense heat and H 2 evolution (Eq. 1):
Second group metals possess higher ionization energy and are liable to passive process. Because of this, their reactions are much slower than with group 1 metals. Well soluble alkoxides can be obtained in direct reaction using sterically ramified alcohols (where R = t Bu, CF 3 , aryl etc.). 5 The use of alcohols with "bulky" R groups prevent oligomerization, and resulting alkoxides are well soluble in common aliphatic hydrocarbons.
Electrochemical method
Synthesis of metal alkoxides by anodic dissolution of metals in alcohols was firstly used in 1906 by Szilard et al. for copper and lead methoxides. 6 In the seventies of the last century, this technique was spread by Lehmkhul et al. for the synthesis of M(OR) 2 complexes (where M is Fe 2+ , Co 2+ , Ni 2+ ; R = Me, Et, n Bu, t Bu). 7 Electrode processes can be summarized as follows: Due to the oxidation of metal at the anode, cation and electron are formed. The electron and alcohol create hydrogen radical H· and alkoxide anion. Molecular hydrogen is exude at the cathode. Because of electrode reactions appropriate cations and anions RO -are obtained. 7 This method is employed of metals with high ionization energy. It is easy, effective technique, and final products are extremely pure. At present, electrochemical method is applied in synthesis of Y, Ti, Zr, Nb, Ta, Mo, W, Cu, Ge, Sn, etc. alkoxides. 8 
Reaction of alcohols with metal halides
The reaction between alcohol and metal halide leads to the substitution of halide anion into RO -group forming appropriate metal alkoxide (Eq. 2).
Depending on the solvent, molar ratio of reagents, and temperature, different compounds can be obtained. 
Reactions of alcohols with metal hydroxides and oxides
Metal hydroxides and oxides react with alcohols forming appropriate alkoxides and water (Eqs. 3-4).
Due to the reversible nature of these reactions, it is necessary to remove water from the reaction system. This method applies to receive alkoxides, both main and side groups of metals. 10
Ligands exchange reactions
One of the characteristic properties of metal alkoxides is their activity in the substitution reactions of alkoxo groups (Eq. 5). In this way several homo-and heteroleptic alkoxide complexes were synthesized. 11
Ligands exchange reactions are affected: (a) the steric ramified of the RO and R'O groups, (b) the values of H-O bond energies, and (c) the relative M-O bond strengths.
Reactions of alcohols with metal amides
Dialkyl amides M(NR 2 ) x (R = Me, Et, SiMe 3 ) react with alcohols according to below equation (Eq. 6):
This method is useful for metals that have a higher affinity for oxygen atoms, rather than to nitrogen. Its advantage is that forming dialkyl amines are easy to remove from the reaction environment and resulting alkoxide product is highly pure. 12
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Reactions of alcohols with organometallics
Reactions of organometallics with alcohols are quite popular in the literature. 13 These reactions are extremely useful for the preparation of mono-and mixed-metal alkoxides (Eqs. 7-9) but their disadvantage is that organometallics are air/moisture sensitive and working with them is cumbersome.
Very interesting modification of this reaction is a direct reaction of organometallic complexes with alkoxides that bear free alcohols at the metal site (Eq. 10). 14
In this reaction there is an organometallic driven abstraction of the OH hydrogens from M coordination sphere. This leads to the subsequent evolution of simple hydrocarbons like methane or ethane and results in a linkage of RO ligands. Because of the simple gases evolution, resulting products are highly pure.
A One Step Strategy for Oxide Ceramics
Mono-and mixed-metal alkoxides with fixed ratio of participating metals can be used for oxide ceramic preparation via thermolysis to give high purity materials. Metal alkoxides as so-called single-source precursors (SSPs) already have metal-oxygen bonds established. Because of this, their thermal decomposition can be performed at relatively low temperatures and maintains the M-O core. What is extremely important here, the metal oxides derived from alkoxide SSPs are highly pure and have specific properties like high hardness, chemical and mechanical resistance, and high temperature stability. They constitute a group of advanced ceramics. 4a Bimetallic SSPs can generate ceramic materials in a single step. Their advantage over the inorganic salt mixtures lies in the fact that both or more elements of a final product eliminating the need to match the reaction rates required from a multicomponent precursor mixture in conventional methods. 15 In general, careful and appropriate choice of metals and alkoxo ligands is necessary in this strategy if undesired side reactions occur.
Interesting and useful classification of SSPs was proposed by Veith. 16 This approach is based on their differences in thermal decomposition/deposition pathways. Approach discussed can be subdivided into three different types of precursors: SSP-I, SSP-II, and SSP-III.
SSP-I
In the first type of SSPs, metals stoichiometry on molecular level of precursor is also present in a correct ratio of the final oxide product (Eq. 11). 
SSP-II
In this case, M and M' components are in the same stoichiometry in the precursor and final oxide product (Eq. 12). 
Alkoxides as the SSPs for Oxides
In the following section we will illustrate the above types of SSPs by examples taken from our studies. These examples are restricted to oxide ceramics, in which only oxide phases are present. The major key point of this discussion will be emphasized on synthetic approach for this kind of materials. Why do alkoxides and their derivatives are in the center of interest in materials science? Metal alkoxides are inexpensive compounds which are quite easy to obtain in laboratory scale. Because of the close contact of metal-oxygen bonds, they have already prepared, on molecular level, network for oxide materials. Complement of all of these advantages is that alkoxide ligands are easy to removed during thermal treatments leaving stable M-O core. From these point of view, they are perfect candidates for single-source precursors for oxide ceramic materials. Unfortunately, in general these kind of precursors are extremely air and moisture sensitive. For example titanium alkoxides Ti(OR) 4 are not easy to store and working with them can be cumbersome, especially with those possessing small OR groups (where R = Me, Et, i Pr). Oxophilic metal site of M(OR) x containing small monodentate ligands can be protected against air and moisture decomposition by larger bi-or polydentate ligands for some or all of the alkoxides OR groups. The most popular strategy utilizes functionalized alcohols with additional ether oxygen or amine nitrogen atoms. Such precursors are not only less moisture sensitive. The greater steric demand of the bulky ligands and the increased donor ability of the additional donor atoms are the advantages in forming monomeric or dimeric complexes, which is favourable for instance in the CVD applications. 19 There are a number of well-known applicable routes for preparation of oxide materials using inorganic and organic precursors. The most common chemical approaches to these are presented in Scheme 3. Among these methods, the most attractive are those involving alkoxides and their derivatives. In our research we were mainly interested in heterobi-and heteropolymetallic alkoxides of different transition metals with group 2 elements. As an initial point of this strategy we have obtained well-defined homoleptic alkoxides, which constituted starting materials for further transformations. Group 2 metals create divalent ions and prefer high coordination numbers, e.g. six, eight and higher. For example, the reaction for barium or strontium gave monomeric, ionic complexes in which the central atom is eight-coordinated and surrounded by four chelating ligands and additionally solvated by three RO(H) groups (Fig. 4) .
Scheme 4. Syntheses of heterobimetallic barium/group 12 and 13 complexes. 14 It is worth noting that there are not so many examples of crystallographically characterized homoleptic complexes of these metals in the literature. In the case of the ligands, we have mainly concentrated on chelating functionalized alcohols possessing two or more donor atoms, for example ether-alcohols like 2,3-dihydro-2,2-dimethylbenzofuran-7-ol (ddbfoH), tetrahydrofurfuryl alcohol (thffoH), 2-methoxyethanol (CH 3 OCH 2 CH 2 OH) and aminealcohols, for instance N,N-dimethylethanolamine (Me 2 NCH 2 CH 2 OH) etc. Several studies have shown that starting compounds which possess a protonated hydroxyl group(s) at the metal site are perfect anchor for other organometallic fragments. 14, 21 The concept of the proposed synthetic route is presented in Scheme 4. In general, the driving force for this reactions is an organometallic-driven abstraction of the OH protons from the ROH groups attached to the metal sphere. This leads to the simple alkanes (e.g. methane, ethane etc.) evolution and results in a linkage of RO ligands with appropriate MR x + moieties (where M = Zn 2+ , Al 3+ , Ga 3+ , In 3+ ; R = Me, Et; x = 1, 2). For monometallic homoleptic SSPs with no free alcohol ligands in metal coordination sphere, a different reaction pathway is observed. For example, oligomeric magnesium or calcium alkoxides which possesses open dicubane geometry (Scheme 2g) do not have any possibility for simple hydrocarbon eliminations. A direct reaction of [Ca 4 (OR) 8 ] (ROH = 2,3-dihydro-2,2-dimethylbenzofuran-7-ol) with AlMe 3 in toluene leads to deoligomerization of the starting alkoxide and cocomplexation of AlMe 3 , forming the molecular dimeric tetranuclear adduct [Ca(-OR){(-OR)(-CH 3 )Al(CH 3 ) 2 }] 2 shown in Fig. 5 . 22 As mentioned-above, alkoxides have a strong tendency to oligomerization. The oligomeric structure can easily be broken by addition of organometallics or even weak donors to www.intechopen.com Ceramic Materials 80 reaction system. Our previous studies clearly show that the strategy of blocking the bridging alkoxo groups to deoligomerize calcium alkoxides and obtain low-nuclearity species works effectively. The general idea of this phenomenon is presented in Scheme 5. For instance, the addition of THF to oligomeric calcium-aluminium complexes leads to the formation of the molecular six-coordinate adduct (Fig. 6) . . 22 These examples demonstrate that the alkoxo groups responsible for oligomerization of metal alkoxides can be easily blocked with organometallic agents and donor solvents to prevent agglomeration. 22 Scheme 5. General idea of blocking alkoxo oxygen atoms by AlMe 3 .
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Interesting group of single-source precursors constitute chloro-alkoxides. Generally chloride-substituted alkoxides are considered as inefficient precursors for metal oxides. One of the disadvantages is that Cl ligands are corrosive agents. Moreover, in many cases oxide material is contaminated by Cl-products. However, in the literature there are a few examples of chloro-alkoxides utilized as the SSPs for highly pure oxide ceramics. 23 For instance, [Zn 7 (OAc) 10 (-OH) 6 Cu 5 (dmae) 4 Cl 4 ] (where dmaeH = (N,Ndimethylamino)ethanol), which was used in the chemical vapor deposition and gave copper-zinc Cu 5 Zn 7 O 12 double-oxide and possesses metal to metal stoichiometry fixed on molecular level. 24 Another efficient and simple strategy involves reaction of cheap organometallic Cp 2 MCl 2 (where M = Ti 4+ , Zr 4+ , Hf 4+ ) with M'(OR) 2 (where M' = Ca 2+ , Sr 2+ , Ba 2+ , Mn 2+ ; ROH = functionalized alcohol) in the presence of alcohol. General idea is presented bellow (Eq. 14). 
In this method formation of M'-Cl bond constitutes the driving force for this reaction. As a source of protons functionalized alcohols, e.g. CH 3 OCH 2 CH 2 OH or Me 2 NCH 2 CH 2 OH can be used. Using this synthetic approach a series of heterobimetallic complexes were obtained (Table 2) . 18 All of these compounds possess interesting molecular structures, especially those with octahedral geometry. Generally, their metallic cores can be described as follows: first, as an octahedron with six metal sites and a  6 -O 2-encapsulated oxygen atom in the central position and each of the triangular faces being capped by a  3 -oxygen atom from OR group (Fig. 7a) . Second motif, as a cube formed by the eight oxygen atoms of the alkoxide groups, with metal cations located outside of the six faces of the cube and O 2-anion occupying the central position (Fig. 7b) . In third core type, octahedral unit in which each edge of polyhedron is alternatively capped by μ 2 -O(alkoxide) groups or μ 2 -Cl anions (Fig. 7c) . 18 Although the mentioned-above complexes possess chloride ligands, they are attractive precursors for highly phase pure binary metal oxides. [ ddbfoH = 2,3-dihydro-2,2-dimethylbenzofuran-7-ol; b maltol = 3-hydroxy-2-methyl-4H-pyran-4-one); c (x + y) = 4; d acac = acetylacetonato. Table 3 . Examples of various oxide ceramic materials derived from SSPs.
Conclusion
In this chapter, we have shown that metal alkoxides are extremely attractive starting materials for oxide ceramics. They constitute so-called single source precursors (SSPs), which major advantage is that their thermal transitions give highly pure materials, destitute www.intechopen.com
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undesired oxide phases and organic contaminations. Because of fixed metals ratio on molecular level, final materials have specific and the same stoichiometry as starting precursor. Due to the alkoxo groups are quite easy to remove during thermal treatments, it is possible to obtain appropriate oxides in lower temperatures in contrast to conventional methods. In view of use flexibility of alkoxides, they have successfully been used in various deposition and decomposition techniques giving ultra thin layers, nanopowders and other shapes depending on potential applications.
